In this paper, we show how Hipparcos parallaxes of distant visual binaries (π Hip 10 mas) can be refined. This is accomplished by using relevant orbital and spectral data. To this end, we study the pair of K0 giants, A 1808. A revised orbit of this system is presented that was calculated by taking into account a set of interferometric and visual measurements covering almost one orbital revolution. In addition, by analyzing its spectrum obtained with the 2.6 m telescope of the Byurakan Astrophysical Observatory (Armenia), we confirm the MK spectral type, K0III. On the basis of B − V photometric data, we derived the extinction A V = 0.23 ± 0.08 mag as well as obtained a spectroscopic parallax (π sp = 3.19 ± 0.21 mas) with a much smaller relative uncertainty of 6.6% compared with that of Hipparcos (42.1%; π Hip = 2.43 ± 1.00 mas). Accordingly, this system is now placed at 313 ± 21 pc. With the obtained spectroscopic parallax, a dynamical mass of 4.52 +1.24 −0.90 M is obtained, which agrees well with that expected from standard calibrations.
INTRODUCTION
The visual binary A 1808 (WDS 00516+2237 = HD 4934 = HIP 4030) was first resolved by Aitken in 1908 with the 36 inch telescope at Lick Observatory (Aitken 1908) , reporting a brightness of 7.5 mag for each component. Estimates of 7.9 mag and 8.2 mag appear in the Washington Double Star Catalog (WDS; Mason et al. 2008) as well as the composite spectrum, K0III. The low-precision Hipparcos parallax of 2.43 ± 1.00 mas (Perryman et al. 1997) places this system at a distance of 412 ± 169 pc.
The first orbit of this pair was calculated by Docobo & Costa (1988) , who obtained a period of 105 yr and a semimajor axis of 0. 135 with a high eccentricity of 0.736-a printing error in ω was corrected in Docobo & Costa (1992) . Almost at the same time, Baize (1988 Baize ( , 1989 reported similar orbital elements. Since 1988, several accurate speckle interferometric measurements were carried out. The last two were obtained by us using the speckle interferometry camera of the R. M. Aller Astronomical Observatory attached to the 1.52 m and 6 m telescopes of the Observatorio Astronómico Nacional at Calar Alto, Spain (Docobo et al. 2001 ) and the Special Astrophysical Observatory, Russia , respectively. A new orbit had already been calculated by taking into account these last measurements (Docobo & Andrade 2005) . Here we present an improved orbit that fits better speckle measurements.
Besides this, several combined spectra were obtained with the 2.6 m telescope of the V. Ambartsumian Byurakan Astrophysical Observatory (BAO, Armenia). Orbital and spectral data were used to derive an accurate spectroscopic parallax and, consequently, the systemic mass.
ORBIT
Since 1908, a total of 64 measurements have been performed; 29 of those were accurate interferometric measurements taken from the Fourth Catalog of Interferometric Measurements of Binary Stars (Hartkopf et al. 2007 ) covering almost one orbital revolution. The orbit has been calculated by using the analytical method of Docobo (1985) . All known observations and their residuals with respect to our orbit are given in Table 1 . The columns list (1) observation epoch, (2) position angle, (3) separation, (4) number of nights, and (5) observer names according to their WDS codes. Columns 6 and 7 list O-C residuals in θ and ρ, respectively. Position angles are corrected for precession and referred to the J2000.0 equinox. Measurements with more than 15
• offset in residuals in position angle for all orbits are given zero weight in the fit flagged.
Orbital elements are given in Table 2 along with corresponding uncertainties which were determined by taking into account the range of orbits with the smallest root mean squares (rms) of deviations in position angle and separation. Systemic mass and some other parameters obtained for A 1808 are also presented in Table 2 . The orbit is graphically represented in Figure 1 , where other calculated orbits are shown for comparison. Table 3 contains ephemerides up to 2015.0. Our previous orbit (Docobo & Andrade 2005) had been classified as grade 3 (reliable) according to criteria given by Hartkopf et al. (2001) .
Some statistical results, of both the previous and improved orbits, are summarized in Table 4 . The rms and absolute mean (AM) values for visual and interferometric measurements, separately and combined, are presented in Columns 2-7. Superscripts v, s, and v + s indicate the visual, speckle, and combined contributions, respectively. Both rms and AM were derived by using the data weighting scheme defined by Docobo & Ling (2003) .
In order to compare the accuracy of the recent orbits, we show rms-AM diagrams for position angle and separation in Figure 2 . A short line indicates that both visual and interferometric measurements have similar uncertainties (given by the position of extreme points) and, therefore, are fitted in a similar way. In contrast, a long line indicates that both types of measurements have very different uncertainties. Instead of dealing with two types of measurements, we can use the total contribution, the value of which is given by a third point in the polygonal line. In any case, if points over the line are located near the origin, it indicates that corresponding uncertainties are close to zero. By applying this to both the previous and new orbits for A 1808, we conclude that our last orbit fits the speckle measurements better than the others do, simultaneously maintaining a very good fit for the visual ones.
MK SPECTRAL TYPE, SPECTROSCOPIC PARALLAX, AND SYSTEMIC MASS
The precise, photoelectrically measured combined apparent brightness of 7.16 mag in the V band is given in the fundamental photometric catalog of Mermilliod et al. (1997) , whereas the MK spectral-type K0III was assigned by Yoss (1961) and Stephenson & Sanwal (1969) . Data on the magnitude difference between the components are somewhat uncertain. While (Aitken 1908) assigned equal brightness to both components, a ∆m = 0.2 mag was measured by Couteau (1987) with a 74 cm refractor at Nice, which appears in the Second Photometric Magnitude Difference Catalog (Mason & Wycoff 2005) . A similar value (∆m = 0.29) can be readily found in the WDS Catalog. Meanwhile, a highly accurate ∆m = 0.00 ± 0.13 mag was measured by Docobo et al. (2006) in 2004 with a 545 nm filter. Hereafter we adopt the combined magnitude V = 7.16 mag, ∆m = 0.00 ± 0.13 mag and as a result, we obtain individual brightnesses of 7.91 ± 0.07 mag.
A highly uncertain Hipparcos parallax of 2.43 ± 1.00 mas in addition to the period and semimajor axis of our orbit leads to a systemic mass of 10 ± 13 M . This is too large for a couple of K0 giants, as a mass of 2.2 − 2.4 M can be assumed for each component according to standard calibrations (SchmidtKaler 1982; Gray 2005) . We stress that the very large relative uncertainty in mass determination is almost entirely originated by the more than 40% uncertainty in the Hipparcos parallax. The contribution of the Hipparcos parallax to the overall uncertainty in the mass calculation is 99.52% and the remaining part is due to uncertainty in the semimajor axis (0.47%), while the contribution of the period is practically negligible. Since our orbit is of rather good quality, such a discrepancy can be attributed to either incorrect MK type or to a poorly determined Hipparcos parallax (assuming that there are no additional bodies in the system). Note that the Baize-Romani algorithm (see Heintz 1978 ) cannot be applied to this system (and hence the dynamical parallax cannot be derived) because its components are supposed to be giant stars. In order to verify that it belongs to the class of giants, we obtained several slit spectra of A 1808 on 2005 September 20, with the spectral camera, SCORPIO (Afanasiev et al. 2005) , which is a multi-regime, prime focus focal reducer attached to the 2.6 m telescope of the Byurakan Astrophysical Observatory (Armenia). The 600 lines mm −1 grating grizm with a resultant linear dispersion of 1.7 Å element −1 and a resolution of 3.5-4.0 Å (two pixels) covering the spectral range ∼ 4000-7500 Å was used. A detailed description of the observations and reduction procedure as well as of the MK classification criteria can be found in Tamazian et al. (2006) .
One of the spectra is shown in Figure 3 on which several representative spectral lines are marked. A careful application of standard classification criteria (Jaschek & Jaschek 1987; Keenan & McNeil 1989; Gray 2005) allowed us to conclude that we are indeed dealing with the spectrum of a K0 giant. Therefore, any possible error in the determination of its combined spectral type and luminosity class should be discarded.
With a reliable MK spectral type K0III, we can adopt M V = +0.2 mag (Gray 2005) for each component in order to estimate the spectroscopic parallax. Assuming no extinction, we obtain a parallax of 2.87 ± 0.16 mas (distance 348 ± 19 pc) and a systemic mass of 6.22 mass expected for a couple of K0 giants. The remaining mass excess of about 1.6 M disappears when interstellar extinction is taken into account. To this end, we proceed according to the well-known relationships:
where (B − V ) represents the measured color and (B − V ) 0 represents the intrinsic color. Taking (B − V ) = 1.063 from Mermilliod et al. (1997) and ( A spectroscopic parallax of 3.19 ± 0.21 mas is consistent with that measured by Hipparcos (2.43 ± 1.00 mas), though it is at the upper limit of the uncertainty bars.
The new solution provides a larger than Hipparcos parallax and, hence, places A 1808 at a distance of 313 ± 21 pc instead of 412 ± 169 pc inferred from Hipparcos. Consequently, a substantially lower systemic mass of 4.52 +1.24 −0.90 M is obtained. Moreover, we emphasize that the new solution yields more accurate results (σ π s /π s 6.6% against σ π Hip /π Hip 41.2%). Hopefully, the obtained uncertainties will be reduced in the future thanks to the very long baseline interferometric measurements as well as to data obtained from future GAIA and SIM missions.
